To study the changes of haemostatic risk factors for coronary heart disease during a weight reduction programme in obese children and adolescents. DESIGN: A short-term longitudinal study. SUBJECTS: Thirty-seven obese white girls (age, 12 AE 1.8 y; body mass index (BMI), 26.9 AE 5.25) and 19 obese white boys (age, 11.9 AE 1.7 y; BMI, 26.2 AE 5.2). MEASUREMENTS: Fibrinogen, factor VII coagulant activity, von Willebrand factor antigen, and soluble P-selectin were determined before and after a 3 week programme including energy restriction and physical activities. RESULTS: All determined haemostatic risk factors decreased signi®cantly during the programme. Changes in risk factors were correlated to changes in body composition. Children and adolescents with the highest initial concentrations showed the greatest decreases. CONCLUSION: Energy restriction combined with physical activity improves the haemostatic risk pro®le in obese children and adolescents.
Introduction
Childhood obesity lays the metabolic groundwork for adult cardiovascular disease. Atherosclerotic lesions are more likely to be present in young adults with excess adipose tissue since cardiovascular risk factors such as dyslipidaemia, hypertension, hyperinsulinaemia and obesity often coexist in children and adolescents. 1 Endothelial cell injury, which may be an important ®rst step in the pathogenesis of atherosclerosis, is accompanied by increased levels of pro-coagulant von Willebrand factor (vWf). 2 vWf is stored in the intracellular storage granule, the Weibel ± Palade body, and has the capacity to aggregate platelets and mediate their adhesion to the subendothelium. 3 Soluble P-selectin is a component of the membrane of the alpha granule of the platelet and is released into circulation upon platelet activation. 4 Raised levels of vWf and soluble P-selectin have been described in patients with coronary heart disease or peripheral vascular disease. 5 Besides markers of endothelial cell injury and platelet activation, increased concentrations of components of the coagulation cascade have been shown to be related with atherosclerotic disease. In the Northwick Park Heart Study, both the levels of factor VII coagulant activity and plasma ®brinogen were associated with an increased risk of non-fatal myocardial infarction and ischaemic heart disease death among middle-aged men. 6 To date, no studies have examined the combined effects of energy restriction and physical activity on these haemostatic markers of atherosclerosis in obese children and adolescents who present an unfavourable risk pro®le. 7, 8 Subjects and methods
Subjects
Thirty-seven obese white girls (mean AE s.d.; age, 12 AE 1.8 y; BMI, 26.9 AE 5.25) and 19 obese white boys (age, 11.9 AE 1.7 y; BMI, 26.2 AE 5.2) were investigated. Obesity was de®ned as a BMI b 85th percentile for age and sex. 9 All children and adolescents had normal liver and renal function as assessed by standard clinical chemistry analyses. No participants were taking multivitamin preparations or medications known to affect coagulation. Children were judged as healthy by medical examination and written informed consent was given by the parents.
Weight reduction programme
Children participated in a weight reduction programme including physical activities for 3 weeks during summer holidays which took place in a school in a rural area. Physical training consisted of different activities and was performed three times a day. Children were assigned to a mixed diet of 3800 ± 5000 kJ per day. Energy intake consisted of approximately 50% carbohydrate, 20% protein and 30% fat.
Laboratory analyses
Blood samples were drawn after an overnight fast into plastic tubes containing 0.1 M sodium citrate. The plasma was separated by centrifugation at 3000Âg for 10 min and stored at 770 C. Factor VII coagulant activity was determined using a one-stage clotting assay and de®cient plasma for factor VII (Behring, Germany). The plasma level of ®brinogen was assayed by a thrombin time method according to Clauss.
10 Von Willebrand factor antigen (Boehringer, Germany) and soluble P-selectin (R&D Systems, USA) were determined by means of commercially available enzymelinked immuno assay kits.
Body composition
Measurements for lean body mass (LBM) were done by means of bioelectrical impedance (BIA Akern-RJL 101aS) with an applied current of 0.8 mA at 50 kHz. Fat mass (FM) was calculated as the difference between body mass and LBM. Percentage fat mass (%FM) was expressed as the relative amount of FM for a given body weight.
11,12
Statistical analysis Factor VIIc after the programme was skewed and therefore log 10 transformed. Analysis of variance was used to compare parameters between boys and girls where appropriate. A 2 (sex)Â2 (time) design with repeated measurements on time was used to compare parameters before and after weight loss. Correlations between variables of interest were calculated using Pearson's correlation coef®cient and Spearman's rank correlation. The independence and signi®cance of variables was tested by stepwise, multiple regression analysis based on results of the bivariate correlations. The signi®cance level of P-values was set at 5%.
Results
The whole study population consisted of 56 subjects (19 male, 37 female). No signi®cant gender-differences were found for all available anthropometric and haemostatic variables except waist-to-hip ratio and von Willebrand factor antigen, which were higher in boys than in girls ( Table 1) .
The mean changes scores from before to after the programme are shown in Table 2 . Because the preprogramme value was subtracted from the postprogramme value, a negative score indicates a reduction of the variable. Body composition variables and haemostatic variables decreased signi®cantly during the training. Table 3 shows that changes in haemostatic variables were signi®cantly correlated to changes in body composition.
In stepwise regression including all signi®cant correlates only the initial concentrations explained signi®cant proportions of the variance in the respective haemostatic variables Weight reduction and risk factors in children S Gallistl et al (Table 4 ), indicating that children with the highest initial values showed the greatest decreases.
Discussion
There is increasing evidence that moderate weight loss, combined with exercise, has bene®cial effects on cardiovascular risk factors. 13 In the present paper we demonstrate for the ®rst time a favourable in¯uence of short-time energy restriction and physical activity on plasma concentrations of ®brinogen, factor VII coagulant activity, von Willebrand factor antigen, and soluble P-selectin in obese children and adolescents. Reduction of the determined haemostatic risk factors was correlated with improvement of body composition, whereby children and adolescents with the highest initial concentrations showed the greatest decreases. It has been suggested that body fat mass, in particular visceral adipose tissue, contributes directly to the cardiovascular risk pro®le in adults and also in children and adolescents.
14 Subjects with greater central fat have lower insulin sensitivity, resulting in higher circulating insulin levels and elevated concentration of fatty acids. 15 Visceral adipocytes are less responsive to the action of insulin in obesity. This insulin resistance leads to increased delivery of fatty acids and triglyceride production in the liver. 16 Therefore, reduction of FM is recommended to improve the coronary risk pro®le. 17 Indeed, weight reduction induced by dieting or gastroplasty resulted in decreased ®brinogen concentration in obese adults. 18, 19 On the other hand, it has been shown that the surgical removal of adipose tissue without change in lifestyle did not improve the concentrations of coagulation and ®brinolytic factors, suggesting that energy intake plays a pivotal role in the maintenance of an unfavourable cardiovascular risk pro®le. 20 In adults physical ®tness has been demonstrated to be associated with decreased cardiovascular risk factors. 21 Recently, Ferguson et al investigated the effect of shorttime physical training on haemostatic risk factors for coronary heart disease in obese children and found no effect on plasma levels of ®brinogen and plasminogen activator inhibitor-1. 22 In contrast to our participants, their children did not undergo a restriction of energy intake and therefore showed only minimal changes in body fat mass. In agreement with the assumption that physical ®tness alone does not necessarily contributes to a favourable haemostatic risk pro®le is the observation that in physically active postmenopausal women the cardiovascular risk pro®le was determined by body composition and not by the degree of physical ®tness. 23 It has been suggested that the relationship between ®tness and risk factors is mediated by their common relation to body fatness. 24 Indeed, we showed that obese children with higher cardiovascular ®tness exhibited lower levels of coronary risk factors, but the variance in several haemostatic risk factors was best explained by metabolic risk factors, 25 which were signi®cantly reduced during weight reduction in the current study population (data not shown). Therefore, one could speculate that energy restriction might have been the major component of the programme leading to improved concentrations of haemostatic risk factors. Since it has been shown that the glycaemic response to stress is altered in individuals with higher risk of developing type 2 diabetes, 26 we cannot exclude the possibility that the lack of stress levels associated with normal school term life contributed to the improved metabolic situation in our children.
Limitations of our study are that children were taken away from their native environment and that the effects were short-term. Thus, practicable strategies for long-term bene®cial effects have to be developed, such as behaviour modi®cation, which has been shown to be most effective when parents were included in the training. Weight reduction and risk factors in children S Gallistl et al
